Objective: Medullary thyroid carcinoma (MTC) is a rare disease, and its classic tumor marker is calcitonin. However, recently, very aggressive cases have been reported to also secrete carbohydrate antigen 19-9 (CA19-9), and its role as a marker of worse prognosis has been questioned. The aim of this study was to analyze the relationship between CA19-9 serum levels and MTC outcomes. Methods: We retrospectively reviewed 122 MTC patients followed in a tertiary cancer center from 1985 to 2017. Clinical-pathologic characteristics, therapeutic approaches, and outcomes were recorded and CA19-9 was collected. Results: Of the 122 patients included in the study, 48 had distant metastases, and at the end of follow-up 18.1% had structural persistent disease and 32.7% had progressive disease. CA19-9 was significantly higher in those who had disease progression than in those who had not (21.4 [14.3-110.9] vs. 7.27 [0.6-44.75] U/mL, p = 0.01) and was also higher in patients who died from ] U/mL, p < 0.001). Furthermore, using a ROC curve analysis, the cutoff point for CA19-9 in MTC patients was lower than that observed in pancreatic tumors. Conclusion: CA19-9 might have a role as a prognostic factor in addition to calcitonin and carcinoembryonic antigen in metastatic MTC.
CA19-9 as a Predictor of Worse Clinical

Background
Carbohydrate antigen 19-9 (CA19-9) or sialyl Lewis antigen is a well-established tumor marker for the followup of pancreatic tumors [1] [2] [3] . Its serum levels can be elevated in other malign/benign conditions of the digestive [2] and respiratory tracts [4] , and it has been associated with some clinical cases of poor evaluation described in the literature, such as prostate cancer [5, 6] and papillary thyroid cancer with anaplastic transformation [7] . Moreover, it has been described as a recurrent disease marker in pulmonary cancer [8] and papillary thyroid cancer [9] , among others.
Vierbuchen et al. [10] detected CA19-9 in 5% of medullary thyroid carcinoma (MTC) tissues. In addition, recent studies observed an increase in the serum levels of CA19-9 in clinical cases of aggressive MTC presentation [11, 12] , suggesting that it can be a marker of bad prognosis in these cases. Milman et al. [12] described the case of a 56-year-old woman diagnosed with MTC at the age of 9 years (multiple endocrine neoplasia type 2B [MEN 2B]) who presented with extensive metastases to the lungs and liver 47 years after the diagnosis, followed by clinical deterioration and death, with high serum levels of CA19-9 (39,334 U/mL). Later, Elisei et al. [11] published the case of a 28-year-old man who was diagnosed with MTC after bone lesion biopsy, with multiple metastases. He died 10 months after the initial diagnosis and presented with an elevated concentration of CA19-9 at the time of clinical deterioration that increased from 5,248 to > 10,000 U/mL. In this case, immunohistochemistry was performed and showed a strong immunoreactivity for CA19-9 in liver and pulmonary metastases.
The literature about this field is still very scarce, and only few studies can be found. It is not clear which is the responsible mechanism for this event, but one possible mechanism is the increase of CA19-9 expression caused by hypoxia-resistant cells with a high degree of malignancy, which become the predominant clones in advanced tumors with a high frequency of metastases [1] .
The aim of this study was to evaluate the behavior of CA19-9 levels in patients with MTC followed at the Brazilian National Institute of Cancer (INCA) and to correlate its levels with the clinical presentation of the disease.
Material and Methods
Study Design and Population
This study examined a retrospective cohort of 122 patients diagnosed with MTC from 1985 to 2017 and followed at INCA's Endocrine Oncology Unit, a reference center for MTC treatment. All patients with an MTC diagnosis followed up at INCA during the period mentioned above were included, both sporadic and familial, except if they had pancreatic adenocarcinoma, colon cancer, biliary tract cancer, liver disease, gall bladder disease, inflammatory bowel disease, or any other malignant/benign disease in the digestive tract.
Most patients underwent surgical treatment with total or partial thyroidectomy and were monitored after for serum levels of calcitonin and carcinoembryonic antigen (CEA) usually twice or three times a year. After 2015, CA19-9 serum levels were also routinely measured in these patients and were collected usually at each semester. Imaging tests were done according to each case, i.e., neck ultrasound and cross-sectional imaging.
Medical records were assessed, and a questionnaire was filled in with the following variables: (a) age, (b) gender, (c) size, (d) presence of local and distant metastases, (e) presence of RET proto-oncogene mutation, (f) first postoperative CEA, calcitonin, and CA19-9, (g) response to initial therapy, and (h) final status.
Outcomes
Response to therapy was based on the definitions cited by Lindsey et al. [13] in 2015 for MTC: (a) excellent response -undetect- able calcitonin and normal CEA without structural evidence of disease; (b) biochemical incomplete response -detectable calcitonin or abnormal CEA in the absence of structural evidence of disease; and (c) structural incomplete response -persistent/recurrent structural disease regardless of calcitonin and CEA. To determine the final status, at the end of the follow-up period the patients were categorized as (a) free of disease -undetectable calcitonin and normal CEA, with no evidence of structural disease; (b) biochemical persistent disease -detectable calcitonin or abnormal CEA, with no evidence of structural disease; (c) structural persistent disease -evidence of persistent/recurrent structural disease on cross-sectional imaging of functional studies, regardless of the biochemical status; (d) progressive disease -progression evidence of the disease based on RECIST criteria version 1.1 -a 20% or greater increase in the sum of the longest diameter of measured lesions (target lesions), taking as a reference the smallest sum largest diameter recorded since the treatment started or the appearance of one or more new lesions; and (e) death related to the disease -patient died because of the progression of the disease. Values are medians (ranges) or n (%). Five patients were lost to follow-up. Values are medians (ranges) or n (%). Five patients were lost to follow-up. CA19-9, Calcitonin, and CEA Biochemical evaluation was done by the same laboratory for CA19-9 using an electrochemiluminescence immunoassay (Elecsys, Cobas), with the normal range < 37 U/mL. The calcitonin measurement was performed using a radioimmunoassay from 1998 to 2003 with the normal range between 23 and 71 pg/mL. After 2004, the measurement was done by chemiluminescence, with a reference value < 11.5 pg/mL and functional sensitivity < 2 pg/mL. CEA serum levels were measured by an electrochemiluminescence assay, and values < 5 ng/mL were considered normal.
Statistical Analysis
Analyses were performed using SPSS system statistical software for MAC version 20. For univariate analyses, the following methods were used: for comparisons with numerical data, either Student's t test (parametric) for independent samples or the MannWhitney test (nonparametric) was used. To identify the independent variables that predict an excellent response to initial therapy or no evidence of disease at the final status, logistical regression analysis was used. A ROC curve was used to establish an optimal cutoff for CA19-9, and Kaplan-Meyer survival curves with logrank analysis were also employed after that. A p value < 0.05 was considered significant.
Results
This study included 122 patients, mostly women (77 females and 45 males), with a median age of 46 (12.1-87.9) years and a median follow-up period of 74 (3-395) months. The first postoperative CA19-9 (n = 65) was 7.85 U/mL, calcitonin was 92 pg/mL, and CEA was 7.82 ng/ mL. A total of 37.7% of the patients was considered as having a structural incomplete response, while at the end of follow-up 18.1% had structural persistent disease and 32.7% had progressive disease, with 30.3% disease-related deaths. Table 1 shows other relevant clinical parameters of the sample.
A univariate analysis was performed to establish which factors were associated with progressive disease at any time during the follow-up (Table 2) . In this study, patients that had progressive disease had a higher first postoperative CA19-9 (21.4 [14.3-110.9] vs. 7.27 [0.6-44.75] U/mL, p = 0.01), were older at diagnosis (54.8 vs. 44.4 years), had larger tumors as well as more frequently metastatic disease and higher calcitonin levels. The presence of a RET mutation showed no significance in this analysis.
In Table 3 , factors associated with disease-related death are listed, and CA19-9 was also a significant factor. Patients who died from the disease presented with higher levels of CA19-9 at diagnosis. Tumor size, the presence of local or distant metastases, and first postoperative calcitonin and CEA also reached the level of statistical significance. Surprisingly, age at diagnosis was not a significant factor associated with death in this group. Figure 1 illustrates the comparison of serum levels of CA19-9 between the groups with progressive disease and stable disease and between the alive group and the disease-related death group, showing the significance of this tumor maker in the groups with a worse outcome. However, CA19-9 doubling time did not show statistical significance with regard to progression or disease-related death. First postoperative calcitonin showed a linear correlation with first postoperative CA19-9 (R 2 = 11.9, p = 0.01).
Using a ROC curve analysis, a cutoff for CA19-9 of 18.3 U/mL had a sensitivity of 83% and a specificity of 91% (area under the curve 0.937, 95% CI 0.87-0.99, p < 0.01) in predicting progression and disease-related death. Using this cutoff, Figure 2 shows the correlation with a shorter overall survival (OS) when CA19-9 was > 18. Among the 65 patients who had CA19-9 measured, the median time between surgery and the first measurement of CA19-9 was 85.5 (1-375) months. The association between the time CA19-9 was measured after surgery and prognosis was not statistically significant. The same prognostic factors were significant in this specific group: presence of lymph node and distant metastases, first calcitonin after surgery, and the higher the CA19-9 the higher was the risk of bad outcomes.
Discussion
The present study explores the association between CA19-9, usually produced by pancreatic and epithelial cells, and MTC prognosis. In our study, we were able to show that postoperative serum levels of CA19-9 tend to be higher at the beginning of follow-up in patients more likely to progress and to die from MTC. In our cohort, the best cutoff to predict bad outcomes was 18.3 U/mL. Interestingly, a linear correlation between postoperative levels of CA19-9 and bad outcomes was found; however, we were not able to find a significant correlation using its doubling time, maybe because it is thought to be a marker of less differentiated tumors and is not related with volume and proliferation of disease. Furthermore, we also found a linear correlation between first postoperative calcitonin and first postoperative CA19-9.
Although the literature on this issue is scarce, our findings are in accordance with most of the existing studies. Elisei et al. [14] also showed that an elevated level of serum CA19-9 could be a predictor of mortality independent of calcitonin doubling time. It was also observed in this study that 16% of the advanced structural recurrent/persistent disease group had higher levels of CA19-9 and had a higher mortality rate than the control group which had a normal level of this marker (68.7 vs. 23.8%, respectively, p = 0.0004). In addition, they found an association between serum CA19-9 levels and the presence of bone and liver metastases, and positivity of this marker was an important predictor of mortality independent of calcitonin doubling time. Furthermore, in agreement with our results, Elisei et al. [14] also found a linear correlation between CA19-9, calcitonin, and CEA. In the same study, they were able to show that most of the patients who had abnormal serum CA19-9 also showed positive cytoplasmic staining for this protein in the primary tumor, which corroborates our hypothesis that it is produced by the primary tumor and no other possible source. Like CEA, CA19-9 in this scenario could be regarded as a marker of less differentiation as it is a molecule produced by epithelial cells [14] .
Milman et al. [15] explored the correlation between CA19-9 staining of MTC tissue and its metastatic potential and they found that 100% of the primary specimens that were documented to have metastatic spread stained positive for CA19-9. Luo et al. [16] explored the role of serum CA19-9 levels as a prognostic biomarker for pancreatic neuroendocrine tumors, and they demonstrated that levels > 16 U/mL are associated with poor prognosis, advanced stage, and aggressive characteristics. This cutoff value was similar to the one found in our study and suggests that CA19-9 might be a prognostic factor of bad outcome for neuroendocrine tumors in general, not only for MTC.
Some other significant findings in our study were the risk factors for disease-specific mortality, such as tumor size, local and distant metastases, RET mutation, and first postoperative calcitonin, CEA, and CA19-9. Some factors are already well established in the literature [13, 17] . Kuo et al. [18] found that age, tumor size > 2 cm, and local and distant metastases are risk factors associated with disease-specific mortality. Kebebew et al. [19] also described age and TNM stage of disease as independent predictors of survival. Momin et al. [20] showed that increasing tumor size and neck metastasis are poor prognostic factors. Surprisingly, age in our sample was not associated with disease-related death but only with progressive disease, while we could observe exactly the opposite about the RET mutation, even though it is known that some kinds of RET mutation can lead to an aggressive clinical condition as observed by Wells et al. [17] . Progressive disease, tumor size, local and distant metastases, and first postoperative calcitonin, CEA, and CA19-9 were also significant factors in our analysis.
As this was a retrospective study, we are aware of some limitations, such as the lack of standardization to assess progression, the fact that some patients could have been lost to follow-up, and that not all patients had their CA19-9 measured as this was not part of our routine in the past. However, even with those limitations we were able to show a very strong correlation with prognosis.
Furthermore, CA19-9 is widely available in our country, even in more places than calcitonin, and is also cheaper to measure; thus, its possible use as a surrogate marker in MTC could be interesting. Also, when calcitonin doubling time is indeterminate, as it is between 6 and 24 months, CA19-9 could provide additional prognostic information. In conclusion, this study shows that CA19-9 tends to be higher in patients with a worse prognosis even within the "reference range." In the present study, the cutoff for CA19-9 was much lower than the one traditionally used for pancreatic tumors, suggesting that maybe, for MTC, a specific "reference range" should be established. In fact, the markers could be combined to give a more accurate long-term prognosis and tailor initial therapy and follow-up.
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